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The present invention relates to electromagnetic
switches or relays, and more particularly to electromag-
netic relays used in telephone communication systems.

Electromagnetic relays play an important part with-
in the field of communication. The great number of com-
ponents of this kind which for example are used in an
automatic telephone station, entails that any fault occur-
ring in these relays in respect of construction or opera-
tion is multiplied many times and influences the technical
and economical effect of the whole system. Two essential
factors to be considered in the construction of relays are
the space occupied by a relay and the consumption of
current necessary for their operation. If the dimensions
of the relays can be reduced, material and space will be
saved, whereby the stands, for instance of telephone sta-
tions, can be made smaller and more easily accessible.
The consumption of current of the relays can be re-
duced by eliminating to the greatest possible extent losses,
for example due to leakage, and by giving the magnetic
field between the magnet core and the armature an
optimal shape and strength. At the same time, all other
demands normally made on the functions of the relay,
such as the lifting force of the armature, must of course
also be satisfied, including sufficient margins of perform-
ance.

The required demands on electromagnetic relays have
hitherto largely been satisfied empirically, that is, by
establishing by means of control measurements the per-
formance of relays of varying shapes and dimensions of
certain parts, for example of magnetic core and armature.
Apart from the fact, that such trial and error methods
are uneconomical, they do not produce exact technical
data for different requirements, and the obtained data
will be more or less accidental.

One of the objects of the present invention is to
substitute for the heretofore used trial and error methods
a definite rule of calculating the lifting force X of a
relay armature as a function of factors determining the
magnitude of the force, such as, for example, the distance
between the turning axis of the armature and the point
of application of the force on the relay contacts, the
ampere turns of the coil or coils, the maximum air gap
between the armature and the core and the reluctance of
the magnetic circuit.

In order to be able to obtain a general equation of
this kind an expression must first be found for length of
the paths of the flux lines of force in the iron (§;) and
in air (8;), and for the torque M acting upon the arma-
ture of the magnet. Thereafter equations may be de-
veloped for the lifting force K due to the action of the
iron circuit. In addition, differsnt ways of arranging
the armature in relation to the core of the magnet must
be considered.

The new rule according to the invention is explained
in conjunction with the accompanying drawings showing
a generally conventional electromagnetic relay of the
flat armature type.

Fig. 1 is a diagrammatic isometric view of the magnet
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core and the armature of a conventional flat armature
relay, the paths of the lines of force being indicated.

Fig. 2 is a diagrammatic elevational side view of the
relay according to Fig. 1.

Figs. 3a and 3b are graphs showing curves repre-
senting the lifting force of an armature as a function
of the distance (R) of the armature from its turning
axis in a practical case, the curve K’ of Fig. 3a repre-
senting the conditions present when the reluctance in
the iron circnit is neglected and the curve K represent-
ing the conditions when the reluctance of the iron cir-
cuit is not neglected.

Fig. 3b shows the zero end of curve K, the scale of R
being greatly enlarged.

Fig. 4 is a graph showing a curve of the lifting force
of an armature as a function of the permeability of the
magnetic material,

Fig. 5 is a diagrammatic elevaticnal side view of a
relay with a permanent air gap between the armature and
core.

Fig. 6 is a graph showing comparative curves of the
lifting force of an armature as a function of the distance
from the turning axis for the relay according to Fig. 2
and Fig. 5 respectively.

Fig. 7 is a diagrammatic isometric view of a magnet
core of a novel relay design.

Fig. 8 is an isometric view of a novel armature.

Fig. 9 is side view of a core according to Fig. 7 and
an armature according to Fig. 8, which form a relay
according to the invention. '

Fig. 10 is another embodiment of a magnet core.

Fig. 11 is the armature for the magnet core according
to Fig. 10.

Fig. 12 is still another embodiment of a magnet core,
and

Fig. 13 is the armature for the magnet core according
to Fig. 12.

As previously stated, an expression must first be de-
veloped to define the paths of the force lines in iron and
air respectively. The subsequent calculation is made in
connection with a flat armature relay according to Fig.
1, in which reference numerals 1 and 2 designate the
two branches of a relay structure. This structure is mag-
netically equivalent to a magnetic core with three
branches or legs, in which the area of the central branch
is twice the area of each of the outer branches. Refer-
ence numeral 3 designates the transverse member (the
yocke) which in the equivalent circuit connects the
branches. The fiat armature of the relay has a transverse
portion 4 and a longitudinal branch 5. The armature is
shown in the non-operative position and forms an angle
« with the general plane of the magnet core.

The path of the lines of force through the relay is
indicated by a dashed line extending through the rear
part of branch. 1, branch 5 of the armature, portion 4
of the armature, a dash and dot line extending through
the air. gap, and a dashed line extending through branch
2, yoke 3 and again through branch 1.

1. Determination of the paths of the lines of force

To calculate the paths of the lines of force an equiva-
lent path of the lines of force through the iron is prefer-
ably introduced consisting of the path in the branches
1 and 2. The path of the lines of force in the iron
consists of two parts, namely the path in the core of the
reiay and the path in the armature. The former is
entirely dependent upon the dimensions of the core and
the latter is dependent upon the distribution of flux in
the air gap.

When, along the length of the armature a coordinate
» of position is introduced as measured from the datum
line O, one may, for sake of simplicity, calculate a value
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for the ordinate p corresponding to the center of the lines
of forces in the operative part 4 of the armature, such
a value of p is denoted by L;, and thus one half the flux
may be considered to leave the armature and cross the air
gap along the distance O-L; and the other half to cross
between L, and L. The point L, is determined through

an equation:
Li=vVR(R+L)—R

wherein R is the distance between the turning axis and
the edge of the armature as shown in Fig. 2.

L, varies between 0 and L/ 2, when R increases from
0 to infinity. That L;=0 when R=—0 appears directly
from the equation. This condition corresponds to a mag-
netic short circuit, the whole flux passing through the point
of contact between the armature and the core. For
R=w= the armature and the core are parallel whereby
the density of flux is constant in the.air gap. This sig-
nifies that the total flux leaves the armature partly at
the center.

In accordance with the references indicated in Fig. 1
the following expression is obtained for the length of the
paths of the lines of force in iron (S;) and air (S;) re-
spectively.

h d
s,=2(a—L+c+§+§+L1):2<D+Ll)
and
Si=(R+p)a

where (DL, ) is half the path of the lines of force in iron.
If the magnetic leakage is neglected the flux in air
must equal the flux in the iron.

H. Determination of the torque M acting upon the
armature of the magnet
The specific surface force acting upon the magnet is:
f=1/2BZHl=1/2,lL0H12

B, being equal to the magnetic density of flux, H, being
equal with the density of ampere turns, and uy being a
constant factor in the MKS system equal to 47107,

The force acting on a surface element having the width
b and the length dp is:

dT'=Y pH2bdp
Its moment is:
dM =Y uH2b(R+p)dp

The total moment is obtained by integration between the
limits 0 and L

(IN)? log AL
ar=be i
=TTy ErL
| i o8 e

where IN is the number of ampere turns, w is the per-
meability of the iron, A; is the cross section of the iron
and D is substituted for (a—L-+c+h/24d/2).

If a certain maximum air gap & is fixed at a distance
of such a length that the lifting stud lifting the relay con-
tacts can carry out the functions intended, « will be a
function of R:

-5 .
TR+

IIL. Determination of the lifting force K of the armature
on the lifting stud of a relay with an air gap according
to Fig. 2

The lifting force XK is obtained by dividing the moment
M by the distance (R--{) between the turning axis of the
armature and the lifting stud of the relay. Then the
equation will be as follows:

o R+L

g br(IN)?, TR
T 2RBEN T 26 Jog BEL, 8 ]Z
pdy (D L) log St
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IV. Determination of the lifting force K’ of the armature
when the reluctance of the iron circuit is neglected

In order to be able to meglect the effect of the re-
Iuctance of the circuit, the magnetic reluctance of the
iren circuit must be small as compared with that of the
air gap. This is the case when the permeability is very
great. When u=w, the equation is:

buo(IN)? R+L
I{IZT'(R'*’Z) ].Og T
when E==0, Z’==w and decreases thereafter asymptoti-
cally with increasing values for R towards

bl

whan R==co,

V. Calenlation of a lifting force K on a contact spring
group as the function of a distance R for a practical
case with introduction of numerical values

As the expression for the force X is difficult to treat
mathematically and a general determination of extreme
values, if any, therefore will be complicated, a special
case will be treated as an illustration in which numerical
values have been inserted in the formula for K obtained
in Example III. Then the fellowing figures are obtained,
reference being made to Figs. 1 and 2.

IN=175 A.T. a=T74.5-10—3m.
L=15-10-3m. b5=<7.0-10—3m.
I=14-10-3m. c=17.0-10—3m.
A;=49-10-6m.2 d=2.5-10~3m.
#=4000 h=7.0-10"3m,
5=0.8-10-3m. D=81.25-10-3m.

All values are given in the MKS-system. The unit of
force in this system is 1 newton (1 n.=102 gms.).

The result will be seen from the table below and Figs.
3z and 354, the distance R being the abscissa and the force
K the ordinate. .

Part of Armature
length of Torque force on
armature lifting stud

(in cm.) (in newtons)

R M K
0 0 0
0.1-10-8 92.1.10-38 6.45
0.5:10-3 $2,0-10~3 5.57
1.10-3 76.9-10-3 5.08
2-10-3 73.1.10-3 4. 52
5.10-3 78. 5-10~3 3.83
10-10-8 80.9-10-3 3.36
20-10-3 103. 8-10-2 3.04
30-10-38 128.0-10-3 2.91
© Y 2.52

V1. Determination of the maximum value of the force
K as a function of the distance R in the practical case

As will be seen from the table, the power K must have
a maximum near R=0. Therefore, for small values of
R one can approximately say:

log E+L
Kb (IN)? "R
(B Dag BILLIY
,uAf = R l

and determine the maximum of this function. The result
then will be that K,,=7.27 newtons for R==0.00075-10-3
meters, that is close to zero (compare Fig. 3b). The
approxiviation made in the equation for determining K
according to Example IT1, vit, R=0, is thus justified.

For practical measurements the maximum of the force
K is found to lie at values for R of about 2-10-2 meters.
This partly is due to the fact that the flux of leakage
irom the underside of the armature, when the values for
R are small, impinges upon the magnet core beyond. the



2,858,488

turning axis of the armature and thereby gives rise to a
moment which is directed against the principal moment,
and partly because in practice there always remains a
certain air gap (compare the curve K’ in Fig. 6). When
greater values for R are concerned, the two moments
cooperate.

VIL Determination of the force K as a function of the
permeability u

For a distance R=3-10-3 the force K has been cal-
culated as a function of the permeability u. The result
will be seen from the following table and Fig. 4.

1,000
T L7

2,000
3.02

3,000
3.77

4,000
4.23

5,000
4.57

6,000
4.82

«

Beeen 0

6.39

3l
!
:
(=]

As will be seen from Fig. 4, the course of the curve
is relatively flat when the values for u are of higher
order. Thus, a change of the permeability from 4000 to
6000 (vit. 50%) will result in an increase of the lifting
force from 4.2 to about 4.8. It is easy to show that the
stated increase of the force can be alternatively effected
by increasing the ampere turns from 175 to about 187
A. T., the permeability remaining at 4000.

It is obvious that the use of special materials in the
magnetic circuit generally is not a suitable solution.

VIIL Determination of the lifting force K’ (at neglected
action from the iron circuit) as a function of the dis-
tance R for the case where the reluctance of the iron
circuit is neglected

For sake of comparison a force K’ has been calculated
for a relay having the same data as that employed in
Example V.

The values have been obtained from the formula given
in Example IV and will be seen from the table below and

from Fig. 3a. (The curve indicated by dashed lines
shows the force K'.)
R g
0 ©
0.1.10- 14.8
0. 5:10-3 10.5
1.10°8 8.7
2.10-3 7.2
51073 5.6
1010 4.6
20103 4.0
30-10- 3.8
@ 3.15

As will be seen (Fig. 3a) the values for the forces K’
and K differ so much that it is permissible to neglect the
reluctance the iron circuit only when approximate calcula-
tions of the lifting force are required.

IX. Calculation of certain dimensions of a relay using
the equation for the force K according to Example I11

The calculation is carried out with a relay, which when
the ampere turns IN are 175 A. T. develops a lifting force
K=425 gms.

In accordance with the formula obtained in Example
111, relay constructions can be improved in different re-
spects. It may for instance be desirable to reduce the
amount of material in the iron circuit, when otherwise
the values for x, IN and K are unchanged.

Alternatively, the aim may be to reduce the ampere
turps IN as much as possible, the above data as to 4, K,
and the amount of material in the iron circuit being fixed.

When weak current systems are involved, the use of
material, the permeability, and the lifting force of the
lifting studs of the contact spring group are given, as
regards the eleciromagnetic relays which are included in
such a system, However, heretofore ‘there has been no
definite rule available, how a minimum of the ampere
turns IN is simultaneously obtained.
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The condition for a minimum of ampere turns IN is
deduced from the expression for the force according to
Example III.

o R+L

s buo(IN ) ER .
2(R+T [ 20 R¥L, & ]2
[a P+ s "5~ E

From this (IN)2is derived.

2K
bu(R+1) logh

2b(D-+Ly) R+L 2
[__——_,uA; (R+1) log —p— +a]

(IN)2 is derived in respect of

(IN)*=

R+L
R

the derivate being put equal with O, whereby the follow-
ing condition for minimum is obtaired:

(R++1) log

RAL_ pApd
(R+1) log == =55 (Dt L)
which gives:
(IN)? min, 20K T)
piod

It can be seen from the last mentioned equation for
(IN)?2, that for given values for K, 8, and p, the cross-
sectional area A; of the core (=b-h according to Fig. 7)
should be chosen as large as possible, and the paths of
the lines of force in the iron S;=2(L—L) as short as
possible in order to obtain as small a value as possible
for IN.

The equation defining the conditions for obtaining min-
imum ampere turns is more general than is indicated
above. It is obvious that the conditions for minimum
are true not only for IN but also for

(IN)2
K
For a given value of IN the lifting force K thus has its
maximum when the relay dimensions are calculated ac-

cording to the equation obtained for (IN)2 min.
The next problem is how to achieve the desired min-

imum when using the available quantity of material.

Furthermore, space must be left for the winding, and
the leakage between the different portions of the relay
must be kept at a low value.

Thus, the geometrical quantities occurring in the for-
mulas set forth above, must be chosen so that certain
demands as to space are satisfied. To the amount of
materizl required for the magnetic function intended, a
certain amount of material must be added, as shown
above, which is needed to comply with the mechanical
requirements. 'The path of the lines of force through the
outer branch 1 of the core is concentrated within an
area around the turning axis of the armature 4. The
portions of the cuter branch 1 located in front of this
turning axis is magnetically inoperative. Consequently,

‘in regard to the magnetic action the branch need not be

loniger than about half the length shown, that is, it needs
to extend only to the turning axis of the armature. How-
ever, for various mechanical-constructive reasons, such as
the mounting of the contact spring group in the longi-
tudinal direction of these branches 1, 2 (as indicated in
Fig. 2), the pivotal mounting of the armature on the
underside of the branches, and the necessary space in
lateral direction for the winding (for example winding
9 in Fig. 7), the branches must have a certain length in
excess of that necessary for magnetic reasons only. The
compromise between the magnetic and the mechanical
demands for dimensioning that must be made for prac-
tical use has been found to be a length (g) of the outer
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branches of the core which is at most 80% of the length
(€) of the central branch; for certain particularly advan-
tageous practical constructions of the relay 60% are suf-
ficient,

While it has been found to be impossible to satisfy
all these conditions simultaneously, it is possible to arrive
at an -approximate solution by applying ‘the following
rules:

(1) b>h (b being one side of the cross-sectional area A,
which is substantially at right angles to the direction of
operation of the force X),

(2) f=ze

(3) e>80% ¢

(4) By placing the winding on the transverse portion of
the core.

In a relay comprising several active branches which
together with the armature form active airgaps, and one
Or more passive branches, the sum of the width of the
active branches is greater than half the sum of the width
of the passive branches, and said sum may also be greater
than the sum of the height of these branches divided by
the number of branches.

A minimum value for IN will be obtained in a prac-
tical case with reference to Fig. 1 and using the equation
for (IN)2,5, in Example IX:

a=36-10-3 m,
b=24-10-3 m,
¢=30-10-3 m,
h=3.0-10-% m.
d=2.5-10-3 m,
R=2.0-10-3m

-]

K=4.16 newtons
6=0.8-10—3 m.
#=4-10-3 m,
L=30-10—3 m,
1=29-10-3 m,
o=4w-10-17
the result being
D=38.75.10-3 m.
L;=6.00-10-3 m.
4;=72.10"5m.2
According to the equation for (IN)?2 the result is:
(IN)min, =813 A. T.
but the condition for a mathematical minimum is not
exactly fulfilled in practice.

For the adopted data the following theoretical result
is obtained: :

}D+ L=44.75.10~3 m.

R

+L=86.3-10'3

and
IN=818 A. T.

Thus, the practical value is reasonably close to the mathe-
matically calculated extreme value for IN.

The result is that by application of the formula of the
invention according to Example IIT (the values for the
use of material, the permeability, and the force being
maintained) produces a reduction of the ampere turns
from 175 A. T. to 82 A. T., that is a reduction of 53%.
This reduction demonstrates the practical usefulness of
the new formula as per Example II1,

When it is desired to maintain the number of ampere
turns: IN==175 A. T., and instead to obtain as large a
force K, as possible, the following result is obtained from
the equation for the lifting power:

2
Kg=4‘16-(18%5) =18.95 n.=1903 gms.
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The lifting power is in this case 4.55 times greater
than in the previous case (425 gms.).

The reason why the practical dimensioning of the dis-
tance R between the operative part of the armature and
its turning axis differs from the calculated theoretical
value is as follows: A part of the magnetic flux leaves
the underside of the armature (for example the arma-
ture 4 in Fig. 1) and passes from there to the central
branch of the core. When the distance (R) is small,
some of -this flux will impinge upon the central branch
of the core bzhind the turning axis of the armature, where-
by the flux of leakage gives rise to a torque which is
directed opposite to the mechanically acting torque. The
result is the lifting force acting upon the lifting studs.
Owing to this, the distance (R) between the rear edge
and the turning axis of the armature must be made con-
siderably larger than the theoretical value (0.00075 X 10~3
m.) according to the curve representing K in Fig. 6, for
instance 2 10—2 m. However, the distance R between
the armature and its turning axis should be not more than
at most 60%, for example 50% of the whole length
(R+L) of the armature.

X. Calculation of the lifting force K in a relay with a
composite air gap as per Fig. 5

To facilitate the separation of the armature it is some-
times desirable to provide an air gap remaining between
the armature and the central branch of the core, when
the relay is in operative position. Such remaining air
gap is obtained by bending the central leg in relation to
the branches. The air gap is in such case composed of
a variable portion «, and a stationary portion ay. The
calculation of the force K; is analogous to that of the
previous case, in which the variable part of the air gap
only was considered. The following result is obtained.

R'+L (R'—R)L

RtwUN: 5 TR prm
’ [ 2
2R+ [Qb(zjf,-Ll ) og RRJ7L+OQ+Q2]

in which S=the distance between the bending axis of the
central leg and the rear edge of the armature when
“120,
R =R a4+ Sap
a1+ [24]

Li=VE(RF L)~ Bt

By inserting in the expression for K; the same numeri-
cal values as above and for a3 ==0.758-10~2, a,=1-10-3,
and for §=44-10-3, K, is obtained as a function of R
according to the table below and Fig. 6.

The curve X has been included in Fig. 6 for compari-
son with the curve K, according to the following table,
the curve representing the conditions when the reluctance
of the iron circuit is neglected.

r R K
0 3.68
0.1-10-3 3.77
0.5-10-3 3.85
1.10-3 3.88
2-10-3 3.75
5.10-8 3.41
10.10-3 3.15
20-10-8 2,88
30.10-8 2,79

There is still another reason for selecting R larger
than the theoretical value obtained from the respective
equation for X. In the practice, the air gap always forms
some angle «,, as the armature plate and the core re-
spectively cannot be made entirely plane. Hence, the
angle o;=0 applies to the theoretical case only. How-
ever, according to the equation in Example X, the lifting
force K; is also dependent on the stationary part o,
of the air gap and respectively the -distance R and the
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length (R-+L) of the armature. Hence, to obtain the
desired maximum for the lifting force Ky in the case of
a practical comstruction, the distance R must be selected
at a suitable relationship to the whole length (R+L) of
the armature. )

" XI. Control of calculated values through measuring

Control measurements on an unloaded flat armature
relay with a distance R=3-10-3, have shown that 30
ampere turns are required to overcome frictional re-
sistance and counter moments caused by the weight of
the armature. The same relay must have 200 ampere
turns to lift maximum 400 grams that is, to obtain the
lifting force necessary for lifting by means of lifting studs
the maximum number of contact springs in a group of
contact springs conceivable in the practice. The maxi-
mum lifting force of the lifting stud has been stated as
400 grams giving a contact pressure of ~25 grams per
spring with a group of -contact springs conmsisting of
2X7=14 contact springs and a margin of about 15%.
The number of ampere turns IN active in the lifting
operation thus amounts to 170. As the force K is pro-
portional to the square of IN, a relay with 175 ampere
turns will be able to lift:

2
%‘g) =424 grams

The quantity of material required for the armature
and the core amounts to 10,500 mm.3, and the perme-
ability of the iron is u=4000.

According to Fig. 3a, the corresponding theoretical
value of the force will be 4.25 newtons=434 gms. How-
ever, in the above calculations the leakage has been
neglected. When in a practical case the leakage is cal-
culated to amount to 10%, the factor 0.9 must be placed
before p in the expression for K. The force corrected
in this way will be 4.10 newtons=419 gms., while the
really measured force as per above is 424 gms.

400-

XII. The embodiments according to Figs. 1 0-13 -

For practical reasons it is often desirable to reduce
the lateral width of a relay. This is effected by placing
one of the outer branches of a core, for example as
shown in the embodiment of Fig. 7, upon the other outer
branch. As a result, the relay obtains the appearance
of Fig. 10.
~ In Fig. 7 a relay core is shown comprising two outer
branches 7 and a central leg 6 and a yoke 8 carrying a
winding 9. The central leg 6 has a width b and a height
4 and a length e, whereas the length of each outer branch
is g. The width of the yoke is f.

The corresponding armature 10 is shown in Fig. 8,
whereby 11 represents the central portion or leg and
12 represents the outer portions or legs of the armature.

The relay is shown in side view in Fig. 9 wherein 13
represents 2 holding means for maintaining the armature
10 against the core. 141is an adjusting screw and 9 repre-
sents the airgap between the outer left hand ends of parts
6 and 10.

In Figs. 10 and 11 is shown a relay obtained when
modifying the relay of Figs, 7 to 9 in the above sug-
gested manner. In this connection it is more adequate
to introduce other expressions instead of the definitions
“central branch,” and “outer branch” of the core used
in comnection with the previous embodiments, such as,
for example “active branch,” and “passive branch.”
An “active branch” is a branch of the core, no point
of which is in magnetic contact with the armature when
the latter is in its released position. The force required
for the lifting operation of the relay is generated in the
air gap between the underside of the branches and the
armature. An “outer branch or passive branch” is a
branch of the core, which is in permanent magnetic con-
tact with those parts of the armature which constitute
the turning axis of the armature. Owing to this contact,
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10
a magnetic short circuit occurs and no part of the flux
theoretically passes through the air gap between the
undersidé of the passive branch and the armature.

In the example of Fig. 10 reference numeral 15 desig-
nates the active branch and 16 designates the passive
branch. The coil winding is designated by 17. The
designations of the dimensions are the same as-before,
that is, b=the width of the branch, e=the length of
the active branch, g=the length of the passive branch,
and f==the length of the transverse part of the core.

In Fig. 11 an armature 18 is shown, R being the dis-
tance between the armature and its turning axis, while
L is the active length of the armature.

A symmetrical relay built in accordance with the same
principle is shown in Fig. ‘12. The relay of Fig. 12 is
developed from the one according to Fig. 10 by dividing
the active branch into two halves, each having a width
of b/2, b being the total width of the active branches.
The two halves are situated on both sides of the passive
branch. The total width (b/2+4b/2) of the active
branches is in an approximate relationship to the height
hsuch as 7to 1.

In Fig. 12 the reference numeral 19 designates the
passive branch of a core, and 20 designates the active
branches. The coil windings -encompassing the passive
branch 19 are designated by 21. The designations of

_the dimensions are the same as before, b/2=half the

width of the active branches 20.

Fig. 13 shows an associated armature 22.

The invention has been described above in connec-
tion with certain embodiments of flat armature relays,
but it may also be applied to relays of other construc-
tions.

What is claimed is:

1. A magnetic relay circuit comprising a magnet core
having at least two branches, a coil means, a pivotally
mounted armature forming a variable air gap with the
core, said armature having a main portion and at least
one arm portion, the length of the arm portion of the
armature, the length of the main portion of the armature,
the distance between the pivot axis of the armature and
the point of contact of the outer forces acting upon the
armature, the air gap, the permeability of the magnetic
material used in the magnetic circuit, the cross-sectional
area of the core at a right angle to the direction of the
magnetic lines of force and the width of the core being
correlated in accordance with the equation:

. wmA;

2b(D+ Ly)
where R is the length of the arm portion of the armature,
L the length of the main portion of the armature, (R+1)
the distance between the pivot axis of the armature and
the point of attack of the outer force acting upon the
armature, & the maximum air gap between the armature
and the core, p the permeability of the magnetic mate-
rial, Ay the cross-sectional area of the core at right
angles to the direction of the magnetic lines of force, b
the width of the core, and (D-+L;) half the paths of the

(R+1) log EE

‘length of the lines of force in the magnetic material for

selectively providing a maximum lifting force of the
armature for a given number of ampere turns of the coil
means and a minimum number of ampere turns for a
given lifting force respectively.

2. A magnetic relay circuit according to claim 1,
wherein the lifting force of the armature and the dimen-
sions of the aforesaid components of the relay are in
accordance with the equation

1o R+L

g bu(IN)?, "R
T2(R+1) [_23 L RtL, o P
MAi(D+L1) log 7 VB

where K is the lifting force of the armature, IN the
number of ampere turns required, and g a constant.
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3. A magnetic relay circuit according -to claim 1,
wherein for a given quantity of relay material and for
a given'lifting force the minimum value of the number
of ampere turns and respectively for a given number of
ampére turns the maximum valiue of the lifting force is
determined by the equations

o IIGKB-(D-{-LI)_ _ ol (IN)?
(IN)mxn.‘ ﬂ:qui ’ Kmax.-lﬁa.(D_l_Ll)

where K is the lifting force of the armature, IN the
number of ampere turns, and 4o @ constant.

4. A magnetic relay circuit according to claim 1,
wherein the core comprises several active branches form-
ing active air gaps with the armature, and at-least one
passive branch, the sum of the width of the active
branches being greater than half the sum of the width
of the passive branch.

5. A magnetic relay - circuit according to claim 4,
wherein the sum of the width of the active branches is
greater than the sum of the height of said branches
divided by the number of branches.

6. A magnetic relay circuit according ‘to ¢laim 1,
wherein the length of the arm portion (R) of the arma-
ture is at most 60% of the distance between the ‘pivot
axis of the armature and the point of attack of the outer
force acting upon the armature (R+L).

7. A magnetic relay circuit according to -claim 1,
wherein the length of each passive branch of the core
is at most 90% of the length of the active core branches,

[
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‘8. “A magnetic relay - circuit -according “to claim 1,
wherein the cross-sectional area of the branches of ‘the
core is rectangular.

‘9. A magnetic relay circuit according to claim 8,
wherein the long side of said cross-sectional area'is the
side (b) which forms a substantially right angle with
the direction of lifting of the armature.

10. A magnetic relay circuit according to claim 1,
wherein the arm portion of the armature is in direct
contact with branches of the core other than those form-
ing active air gaps with' the armature, said branches being
passive branches.

11. A magnetic relay circuit according to claim 1,
wherein said core comprises two active branches and one
passive ‘branch, each-active branch forming an active air
gap with the armature, and wherein said armature is a
flat armature, said passive branch being located sym-
metrically in relation to the active branches.

12. A magnetic relay circuit according to claim 11,
wherein the sum of the width of the active branches is
greater than half the width of the passive branch,
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